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© Patient monitoring system. 


® A patient monitoring system with integrated 
physiological data monitoring, patient visual image 
monitoring and two way audio communication over a 
communications network includes a first bedside sta- 


tion a nd a se cond remote central station. The first 
bedside station includes means for sensing phys- 
io log icaMataJromtte means for generating" 
a video image of the patient and also includes an 
audio sensing and reproduction channel. The station 
includes means responsive to the means for sensing 
physiological data and the means for generating a 
video image and the means for sensing audio, for 


combining together and communicating the phys- 
iological data, video data and audio data and also for 
receiving and reproducing audio data. The second 
central station includes means for receiving and dis- 
playing together the combined video image and 
physiological data and for reproducing the audio and 
also means for sensing audio and communicating 
audio data to the bedside station. The system also 
may include consultive stations allowing remote pa- 
tient examination, as described, and also may in- 
clude a network based ambulatory-patient telemetry 
monitoring and location capability. 
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FIELD OF INVENTION 

This invention relates to a patient monitoring 
system with integrated image data and physiologi- 
cal data communication and audio data commu- 
nication, and more particularly to a patient monitor- 
ing system in which the remote bedside stations 
are interconnected through an interactive, integrat- 
ed communication network with one or more re- 
mote central and consultative stations. The inven- 
tion ;( also includes a network based ambulatory- 
patent telemetry monitoring and location system. 

BACKGROUND OF INVENTION 

Early patient monitoring was accomplished by 
electronic equipment maintained at the patient's 
bedside. Vital signs derived from physiological 
waveforms were monitored with the bedside equip- 
ment and alarms were generated if predetermined 
limits were exceeded by the vital signs. This bed- 
side monitoring equipment became larger, more 
complex and expensive as each bedside unit un- 
dertook to monitor more physiological data and 
provide more sophisticated displays, e.g. color, 
more and better communications and more in- 
depth analysis of the data, such as calculation of 
vital signs and trends which required memory and 
processing capability. The provision of such units 
at each appropriate patient bedside introduces con- 
siderable additional expense to the hospital patient 
care costs. 

With the introduction of bedside monitoring 
units, attempts were made to provide a measure of 
remote monitoring by transmitting analog 
waveforms of physiological data from the bedside 
unit to equipment at a central station such as a 
nurse's station. Subsequently remote monitoring 
efforts included analog waveforms plus digital re- 
presentations for display. Both the bedside and 
remote monitoring activity acted to give alarms 
upon sensing an abnormal condition and to store 
data and analyze data to obtain vital signs and 
trends. But these systems are basically one-way 
systems reporting physiological data from the pa- 
tient. There is no communication with the patient 
as a part of an interactive integrated system. 

SUMMARY OF INVENTION: 

It is therefore an object of this invention to 
provide an improved interactive patient monitoring 
system. 

It is a further object of this invention to provide 
such an improved patient monitoring system in 
which physiological data and video images are 
integrated in communication and display. 

It is a further object of this invention to provide 


such an improved patient monitoring system which 
enables reduction of the equipment at the bedside 
station. 

It is a further object of this invention to provide 
5 such an improved patient monitoring system which 
results in smaller, less complex and less expensive 
bedside units and lower overall system cost. 

It is a further object of this invention to provide 
continuous routine visual surveillance and audio 
w communication with a patient without continuously 
visiting the bedside for said purpose, thus enabling 
a nurse to provide better care for more patients. 

It is a further object of this invention to provide 
such an improved patient monitoring system which 
75 enables consultive interchange between a remote 
consultant and a patient and/or patient attendant 
such as a nurse or physician present with the 
patient. 

It is a further object of this invention to provide 
20 such an improved patient monitoring system which 
includes visual patient images and which transmits 
physiological data and video images together over 
the same network. 

It is a further object of this invention to provide 
25 means to monitor via telemetry the physiological 
data of an ambulatory patient and to locate that 
patient using intelligent telemetry 
receiver/transmitter nodes located on the same net- 
work. 

oo The invention results from the realization that a 
truly comprehensive patient monitoring system can 
be constructed by communicating integrated phys- 
iological data and video images together between a 
bedside monitor station and a remote monitor sta- 

35 tion, that the integrated images, audio, and data 
can be transmitted over the same communications 
network which can provide other services in the 
hospital and that a truly consultive, provisional ex- 
amination capability can be effected using these 

40 features combined with an integrated audio channel 
to permit a physician or consultant to remotely 
preliminarily examine a patient. 

This invention features a patient monitoring 
system with integrated physiological and video 

45 communications. There is a first bedside station 
and a second remote central station. The first bed- 
side station includes means for sensing physiologi- 
cal data from the patient and means for generating 
a video image of the patient There are means 

so responsive to the means for sensing physiological 
data and the means for generating a video image 
for combining together and communicating the vid- 
eo image and physiological data over a network. 
The second remote central station includes means 

55 for receiving and displaying together the combined 
video image and physiological data. 

In a preferred embodiment the stations include 
a two-way audio system for interactive audio com- 
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munication with the patient or a patient attendant 
contemporary with transmission of the physiologi- 
cal data and video image. The means for combin- 
ing and communicating may include a fiber optic 
communication system which may include a fiber 
optic communications network. The means for 
combining and communicating may also include a 
microprocessor controller for operating the fiber 
.optic communication systems. The means for re- 
jfeeivifig and displaying may include a video display 
} device and an image display control. The means 
fpir receiving and displaying may also include a 
humeric/text/graphics control, a waveform display 
control, and an anti-alias curve generating circuit. 
The means for receiving and displaying may also 
include an aJarm device for indicating that a pre- 
determined limit has been reached. 

The first bedside station may include means 
for displaying together the combined image and 
physiological data, and that means for displaying 
together may include a display device, an image 
display control, a numeric/text/graphics control, a 
waveform display control, and an anti-alias circuit. 
More generally, the invention features a patient 
monitoring system with a first bedside station in- 
cluding means for sensing physiological data from 
the patient, and a second remote station including 
means for displaying the physiological data. The 
stations are interconnected by network means for 
communicating the physiological data between the 
stations. 

The invention also features a patient monitoring 
system having a first bedside station including 
means for sensing physiological data from a pa- 
tient; a second remote central station including 
means for displaying the physiological data; and a 
fiber optic network means for communicating the 
physiological data between stations. 

The invention also features a patient monitoring 
system with integrated physiological and video 
communication. There is at least a first bedside 
station and a second remote central station. The 
first bedside station includes means for sensing 
physiological data from the patient, means for gen- 
erating a video image of the patient, and means 
responsive to the means for sensing physiological 
data and the means for generating a video image 
for combining together and communicating the vid- 
eo image and physiological data. The second cen- 
tral station may include first means for receiving 
and displaying together the combined video image 
and physiological data from each of the first sta- 
tions. There may be a third consultive station re- 
sponsive to at least the first patient station. The 
consultive station includes second means for re- 
ceiving and displaying together the combined video 
image and physiological data from each of the first 
stations. There is an audio system for interactive 


audio communication between the stations contem- 
poraneously with transmission of the physiological 
data and video image. 

The invention also features a patient monitoring 

5 system with integrated physiological and video 
communication comprising at least a first bedside 
station and a second consultive station. The first 
bedside station includes means for sensing phys- 
iological data from the patient, means for generat- 

70 ing a video image of the patient, and means re- 
sponsive to the means for sensing physiological 
data and the means for generating a video image 
for combining together and communicating the vid- 
eo image and physiological data. The second con- 

75 sultive station is responsive to at least the first 
patient station and includes means for receiving 
and displaying together the combined video image 
and physiological data from each of the first sta- 
tions. In a preferred embodiment there is further 

20 included an audio system for interactive audio 
communication between the stations contempora- 
neously for transmission of the physiological data 
and video image. 

The invention also features a patient monitoring 

25 system with integrated physiological and video 
communication including at least bedside station, a 
central station and a consultive station. There is a 
local service station including an archival storage 
and retrieval medium and means responsive to one 

30 of the stations for retrieving from the archival me- 
dium historical patient data and transmission of it to 
and display at the other station. In a preferred 
embodiment the means for receiving and transmit- 
ting may include a fiber optic communications sys- 

35 tern. 

The invention also features an ambulatory pa- 
tient monitoring system. There is a communication 
system including a transceiver unit associated with 
each patient and including means for sensing 

40 physiological data from the patient. There is also a 
plurality of monitoring and location nodes including 
means for broadcasting through each node an 
identification of a patient to be monitored. There 
are means for interrogating the patient's transceiver 

45 unit through at least one of the nodes for acquiring 
the sensed physiological data. A central station is 
provided for receiving and displaying the phys- 
iological data from the communication system and 
there is a communication network for interconnec- 

50 ting the central station and the communication sys- 
tem. In a preferred embodiment the communication 
system may include means for re-actuating the 
means for broadcasting when the patient is out of 
range of the current node. The communication net- 

55 work may be a fiber optic communication network 
and the communication system may include an RF 
communication system. 
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DISCLOSURE OF PREFERRED EMBODIMENT 

Other objects, features and advantages will oc- 
cur to those skilled in the art from the following 
description of a preferred embodiment and the 
accompanying drawings, in which: 

Fig. 1 is a block diagram of a patient monitoring 

system according to this invention; 

.Fig. 2 is a more detailed block diagram of a 

^bedsjde station and communications interface 
v acpording to this invention; 

$g. 3 is a more detailed block diagram of the 

remote or central station of Fig ; 1 ; 

Fig. 4 is a more detailed block diagram of the 

consultive station of Fig. 1 ; 

Fig. 5 is a more detailed block diagram of the 

consultive station of Fig. 4; 

Fig. 6 is a more detailed block diagram of the 

central station of Rg. 3; 

Fig. 7 is a more detailed block diagram of the 
bedside station of Rg. 2; 
Fig. 8 is a simplified schematic block diagram of 
a local service station according to this inven- 
tion; 

Fig. 9 is an illustration of an image display 
typically appearing on a monitor at the central 
station; 

Fig. 10 is an illustration of an image which 
typically can appear at the central station or a 
consultive station; 

Fig. 11 is a schematic diagram of a comprehen- 
sive fiber optic network including a plurality of 
central stations, bedside stations, consulting sta- 
tions, a local service station, and a patient te- 
lemetry unit according to this invention; 
Fig. 12 is a simplified block diagram of the 
cellular node and a patient telemetry unit for an 
ambulatory patient station according to this in- 
vention; and 

Fig. 13 is a flow chart illustrating the operation 
of an ambulatory patient telemetry unit. 
There is shown in Fig.. 1 a patient monitoring 
system 10 according to this invention including a 
plurality of bedside stations 12, 14, 16 and 18, 
which receive physiological data via sensors 20. 
22, 24 and 26 from a patient 28 (depicted only with 
respect to sensors 20 and bedside station 12). 
Each bedside station 12, 14, 16, 18 may include a 
video camera 30 as shown associated with bedside 
station 12, so that the patient can be viewed at any 
time and especially contemporaneously with the 
taking of physiological data. Each bedside station 
may also include an audio unit 32 shown asso- 
ciated with beside station 12 to permit two-way 
audio communication with patient 28. Bedside sta- 
tions 12, 14, 16 and 18 communicate with at least 
one remote central (nurse's) station 34 and may 
communicate with one or more consultive stations 


36, 38 over communications network 40. Each bed- 
side station includes as a part of the network 40 a 
communications interface 42, 44, 46 and 48. Com- 
munications interfaces 50 52, and 54 are also pro- 

5 vided for remote central (nurse's) station 34 and 
consultive stations 36 and 38, respectively. Local 
services such as X-ray images, patient records, 
and historical data may be provided from a local 
services system 56, which also includes a commu- 

70 nication interface 58 as a part of communications 
network 40. 

In operation, physiological patient 28 is con- 
stantly monitored through sensors 20. This data, in 
raw form and as processed to provide vital signs 

75 and trends, may be viewed at bedside station 12. 
In addition, that information may be communicated 
to remote central station 34 over network 40 and it 
may be communicated integrally with a video im- 
age of the patient derived from video system 30 

20 and/or audio communications with the patient ob- 
tained through audio system 32. This remote cen- 
tral station may be a nurse's station or some other 
form of central station where doctors and nurses 
may wish to make a remote preliminary examina- 

25 tion of the patient. 

Simultaneously with the image of the patient on 
a screen the remote centraJ station 34 may receive 
physiological data in numerical form and curves 
and graphs indicating vital signs and trends. In 

30 addition, X-ray images and historical data such as 
charts and records may be provided from the local 
services system 56. All of the information commu- 
nicated to remote central station 34 may also be 
communicated to one or more consultive stations 

35 36 and 38 so that a physician, specialist or other 
expert may be able to view and preliminarily or 
provisionally examine the patient through the phys- 
iological data, the patient's history, the vital signs 
and trends integrated with video and audio commu- 
te nication with the patient or a bedside attendant who 
is examining and questioning the patient. 

Bedside station 12, Fig. 2, uses a number of 
sensors 20a, 20b, 20c and 20d for sensing the 
physiological data in analog form and submitting it 

45 to microprocessor system 50. The outputs from 
sensor 20 may be immediately transformed to digi- 
tal signals or that may be done when they arrive at 
microprocessor system 50. Video unit 30 may in- 
clude a color video camera 30a and a video 

so digitize and compress circuit 30b. Audio system 32 
may include an audio decompand and recover 
circuit 32a and an audio digitize and compand 
circuit 32b. The outputs from video video unit 30 
and audio unit 32 are provided on lines 62, 64 and 

55 66 to communication interface 42, which may be a 
fiber optic communication network interface ac- 
cording to the FDDI standard. The video, audio and 
physiological data are combined and integrally 
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transmitted by interface 42 over line 68 to remote 
central station 34. Optionally, bedside station 12 
may include an interactive display unit such as 
plug-in display unit 70, which includes an operator 
keyboard 72 and an integrated patient display 74 
which can provide images, numerics, text, curves 
and graphics all on the same screen and contem- 
poraneously. Physiological data in its original form 
and converted to vital signs and trends by micro- 
processor 60, may be provided over line 76 to 
} plug-in display unit 70, - where a 
nurneric/text/graphic controller 78, a waveform dis- 
play controller 80, image display control 82, and 
video decompress circuit 84 process the informa- 
tion and display it on the screen of integrated 
patient display 74. Anti-alias curve drawing circuit 
86 is provided to enhance the depiction of curves 
on display 74. The video signal is provided to 
video decompress circuit 84 via line 88 from fiber 
optic communications network interface 42. 

Central station 34, Fig. 3, such as a nurse's 
station or central station in a hospital, includes fiber 
optic communication network interface and con- 
centrator 50. Station 34 also includes an integrated 
multi-patient display 70a similar to that shown in 
bedside station 12 except that it can simultaneous- 
ly display the input from a number of different 
bedside stations. It also displays patient images, 
curves, vital signs and numerics. Station 34 also 
includes image display control 82a, waveform dis- 
play controller 80a, numeric/text/graphics controller 
78a, video decompress circuit 84a, and anti-alias 
curve drawing circuit 86a. Alarm 90 is provided to 
give audio/visual alarms if any physiological data or 
vital signs or trends derived therefrom exceed pre- 
determined limits. Station 34 may also include a 
local ECG recorder 92 so that a patient's ECG and 
other data may be printed out locally at the central 
station 34. Station 34 also includes an operator 
keyboard 72a and audio system 32 including an 
audio-digitized and compand circuit 32bb and an 
audio decompand and recover circuit 32aa. Micro- 
processor system 60a functions as did system 60 
in Fig. 2 to control the entire station. 

Central station 34 may communicate over net- 
work 100 with one or more consultant stations 36, 
Fig. 4. Consultant station 36 includes an interactive 
unit 70b including a display 74a, an image display 
control 82b, waveform display controller 80b, 
numeric/text/graphic controller 78b, video decom- 
press circuit 84b, and anti-alias curve drawing cir- 
cuit 86b. There is also an operator keyboard 72b. 
There is an audio system 32b including an audio- 
digitizing compand circuit 32bbb and an audio de- 
compand and recover circuit 32aaa. Consultive sta- 
tion 36 communicates over line 100 with central 
station 34 through fiber optic communication net- 
work interface 52 and the entire station is operated 


and controlled by microprocessor system 60b. 

Consultive station 36 is shown in more detail in 
Fig. 5, where fiber optic network interface 52 is 
implemented in accordance with FDDI standards 

s and based on a Motorola chip set MC68836- 
MC68839. The chip set is supported by node host 
processor system 330 which forms a part of micro- 
processor 60b. Node processor system 330 per- 
forms the station management in accordance with 

70 the FDDI SMD specification. Node processor sys- 
tem 330, the MC68030, is supported by ROM, 
RAM, interrupt controllers and interfaces in a stan- 
dard manner. The chip set communicates with a 
shared memory system 332 which consists of a 

15 physiological and miscellaneous message memory 
334, audio message memory 336, and image mes- 
sage memory 338, via direct memory access im- 
plemented by the chip set to obtain and to output 
control information and obtain and output message 

20 data in accordance with the chip set operation. 
Message header blocks are examined and used to 
route messages having a different destination ad- 
dress or subaddress to one of two, three or more 
separate shared memories for convenience in later 

25 processing. Also on transmit, messages may origi- 
nate from one of two, three or more of the shared 
memories. Receive routing may be done using the 
message destination address. The implementation 
shown uses some external augmentation of the 

30 chip set content-addressable memory, such as 
memory control PAL 340, in conjunction with the 
node processor 330 to accomplish the routing. This 
may be simplified by adapting a subaddress format 
convention so that only a few bits of the address 

35 determine the routing. The remainder of network 
interface 52 is similar to the corresponding appara- 
tus in the other systems. There is an FDDI system 
interface circuit 342, a media access control circuit 
344, and an elasticity and link manage physical 

40 layer circuit 346 which responds to the FDDI clock 
generator timing and data recovery unit 348. Unit 
348 interconnects with the transmitter 350 including 
driver 352 and LED 354, and also with the receiver 
356 which includes pin diode 358 and amplifier 

45 360. 

The main control in the physiological data sys- 
tem using microprocessor 362 has its own set of 
standard resources. Processor 362 communicates 
with the physiological and miscellaneous message 

so memory 334 to send and receive messages. Pro- 
cessor 362 services and interprets the user key- 
board and controls an information menu display 
and a curve display working in conjunction with a 
slave graphics processor 364 which forms a part of 

55 numerical/text/graphics control 78b and image dis- 
play control 82b. There is an anti-alias curve draw- 
ing engine 366 which in conjunction with first-in 
first-out storage circuit 368 forms a part of both 
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waveform display control 80b and anti-alias curve 
drawing circuit 86b, which write to the text and 
curve display memory 370 that forms a portion of 
both numeric/text/graphic control 78b and 
waveform display control 80b. 

An audio system using audio control processor 
372 has its own set of standard resources. Proces- 
sor 372 controls the transfer of information to a 
PCM codec filter 374 via parallel to serial converter 
injerfacB 376 as the codec selected takes and 
Qutpyts serial data. An ADPCM transcoder 378 
maybe used in conjunction with the interface 376 
to reduce the amount of audio information to be 
transmitted and received, for example from 64 
KB/sec to 32 KB/sec. The video image display 
uses control microprocessor 380 having its own set 
of standard resources. Processor 380 controls an 
LSI logic image decompression chip set 84b which 
includes an interframe processor 382, variable 
length decoder 384, and a discrete cosine trans- 
form processor 386. Microprocessor 380 also con- 
trols supporting memory system 82b, 84b, which 
includes memory control timing 388 and image 
memory 390. The LSI logic image decompression 
set 84b acts on a coded data stream which has 
been received as a series of blocks in the image 
message memory 390 to produce and/or update an 
image in the image memory 390. For simplicity the 
image memory 390 may be duplicated to become 
two two-port memories rather than a three-port 
memory. One port 392 is display output, one port 
394 is output to support interframe coding, and one 
port 396 (duplicated) is input from decompression. 
The display output port memory control/timing may 
be configured to support a number of image dis- 
play formats to allow the image to be placed ap- 
propriately on the display CRT and be magnified or 
shrunk as selected. The input port 396 may be 
configured optionally to support a motion com- 
pensation function in the compression; however, 
this may not be required for the type of images 
expected to be handled in the system. All the 
processors in the system communicate with one 
another. The communication may be implemented 
in one of a number of ways. Typically the commu- 
nication is via messages placed in a shared mem- 
ory 332 augmented by interrupt. Communication 
between the main control and physiological data 
processor 362 and the audio processor 372 and 
image processor 380 will pass through the node 
processor 330. The role of the microprocessor sys- 
tem 60b in the audio and the image system is 
minimal. In most systems they can be eliminated 
and physically replaced by one of the other pro- 
cessors. They function to initialize the subsystems 
and to control or initialize the transfer of block 
message data to and from the output/input sys- 
tems. 


The nurse's or central station 34 is shown in 
greater detail in Fig. 6, where the integrated multi- 
patient display 78 includes a red-green-blue moni- 
tor 200 driven by a multiplexer color lookup triple 
5 digital-to-analog converter 202. In addition to the 
timing input 204, digital-to-analog converter 202 
receives three data inputs: the text and graphic 
data on line 206 and the image data on line 208. 
Anti-alias curve drawing circuit 86a includes a first- 

io in first-out storage 210 and anti-alias curve drawing 
engine 212, which provides an apparent better res- 
olution than can the rest of the display by writing 
two appropriate intensities in adjacent pixels. 
Numeric/text/graphics controller 78 is implemented 

75 in graphic processor 214, memory controller 216, 
and text and curve display memory 218, the latter 
of which also functions as the waveform display 
controller 80a. Microprocessor 60a actually in- 
cludes four microprocessors: audio/video control 

20 processor 220; main control physiological data and 
miscellaneous processor 222; image control pro- 
cessor 224; and node processor 226. Audio digitize 
and compand 32bb and audio decompand and 
recover 32aa are constructed using transcoder 228 

25 and a pulse code modulator decoder 230 in con- 
junction with an audio timing circuit 232 that pro- 
vides serial-parallel output. 

Image display control 82a includes memory 
control and timing circuit 234, and video decom- 

30 press circuit 84a includes four decompression 
channels 236, 238, 240, and 242. As exemplified 
by channel 236, each channel includes a dual- 
image memory 244 wherein one bank of memory 
supports the decompression algorithm and the oth- 

35 er memory supports the video refresh. A single 
chip set includes interframe processor 246, variable 
length decoder 248, and discrete cosine transform 
250. The remainder of channel 236 includes word- 
to-byte converter 252 and image message memory 

40 254. Word-to-byte converter 252 (and 182 in Fig. 5) 
functions to convert between the long words used 
in the communication system interface and the 
byte data used in the video 
compression/decompression ship set. 

45 Image message memory 254 in channel 236 
and corresponding memories in channels 238, 240 
and 242, along with the physiological data and 
miscellaneous message 256 and audio message 
memory 258 function as buffer memories in a fiber 

so optic communications interface concentrator 50. 
There are one or more ports 260, 262, 264, 266, 
for interconnection with a bedside monitor or sta- 
tion 12. Each port, as represented at port 260, 
includes a receiver 268 having an amplifier 270 

55 and pin diode 272, and a transmitter 274 which 
includes an LED 276 and a driver circuit 278. Also 
associated with each port is an FDDI clock gener- 
ator 280 and an elasticity and link management 
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physical layer circuit 282 which is a portion of a 
Motorola FDD! chip set. Other elements of the chip 
set which are shared include the FDDI system 
interface 284 and media access control circuit 286. 
Memory control and routing circuit 288 supervises 
activities on UCC bus 290. Bus 290 and bus 292 
serve dual port memories 256, 258 and 254. Mul- 
tiplexers 294, 296, 298 function to interconnect the 
• bedside stations at ports 260-266 with the main 
j 1 fiber optic network interconnected through dual 
.! lopps 100. Multiplexers 296 and 298 actually func- 
Jton to connect the bedside station to one of the 
two loops 300, 302 of the dual-loop network 100. 
Each dual-loop as represented by dual loop 300 
includes a transmitter 304 including a driver circuit 
306 and LED 308, and a receiver 310 including 
amplifier 312 and a pin diode 314. Loop 300 also 
includes an FDDI clock generator 316 and elasticity 
and link-managment physical layer circuit 318 as 
previously discussed. 

The central station shown is a dual attachment 
station configured as an FDDI concentrator for four 
(4) single attachment stations, which are bedside 
stations, or other single attachment central stations, 
or concentrators. The concentrator circuitry in- 
cludes multiplexers allowing the station to connect 
to either the primary or the secondary trunk of an 
FDDI network and also allows disconnecting the 
station from the network (via bypass), while main- 
taining communication with the single connection 
station monitoring loop. The Motorola MC68837's 
have provision for bypassing unconnected stations 
at the concentrator. 

The illustrated central station supports separate 
decompression and display of four (4) patient im- 
ages (this need not be equal to the concentrator 
capability) which may be selected from the various 
bedsides and displayed on a high-resolution dis- 
play, along with curves, numerical data, menus, 
etc. The implementation shown is a maximalist 
approach, duplicating memories and decompres- 
sion circuitry four (4) times. The circuitry may be 
simplified by sharing hardware, especially at lower 
transmitted frame rates. 

The system, as shown, supports a two-way 
audio link but may, if desired, be augmented by 
the ability to simultaneously receive two or more 
audio sources and mix them. 

Bedside station 12, along with its sensors 20, 
communication interface 42, television 30 and 
audio 32, are shown in greater detail in Fig. 7, 
where sensor 20 includes a plurality of patient 
cables 100 which connect to transducers at the 
patient at one end and at the other end connect to 
input data plug-in modules 102. Each cable 100 is 
connected to a different transducer such as for 
sensing blood pressure, temperature, EC6 and res- 
piratory waveform. The plug in modules 102 inter- 


connect with the module control interface coupler 
104 via isolation units 106 which may be electro- 
optic isolators, transformers, or other devices, or a 
combination of them. Module control interface cou- 
5 pier 1 04 connects directly to an optional preproces- 
sor and memory 108 which communicates with 
microprocessor 60. Such a system is disclosed in 
greater detail in U.S. Patent No. 4,409,669, issued 
October 11, 1983, to the same inventor and is 

70 Incorporated herein by reference. 

Microprocessor 60 actually includes four micro- 
processors - a physiological data and main control 
processor 110, an audio control processor 112, 
image control processor 114, and node processor 

75 system 116, each implemented by an MC 68030 
chip. Audio portion 32 includes an audio timing 
circuit 118, serial to parallel converter 120, and a 
parallel to serial converter 122, which interface with 
an AD3CM transcoder 124 implemented by an MC 

20 145532, and a pulse code modulated filter and 
codec 126 implemented by an MC 143554 or 
145557. Display unit 70 is shown in more simplified 
form in Fig. 5 as including display control 128, a 
refresh memory 130, and an LCD display 132, 

25 which is typically a single integrated circuit which 
can be obtained as a single product. 

Fiber optic interface 42 includes a number of 
dual port memories 134 including an image mes- 
sage memory 136, audio message memory 138 

30 and physiological and miscellaneous message 
memory 140. Memory control and routing control 
142 determine which memory is to be commu- 
nicated with and accommodates the particular user 
communication control bus 144 that is employed 

as which would be compatible with the MC 68030 chip 
that implements the four microprocessors. The 
electro-optic interface includes four chips: an FDDI 
system interface 146 implemented by an MC 
68839 chip, a media access control circuit 148 

40 Implemented by an MC 68838 chip, an elasticity 
and link manage physical layer circuit 150 imple- 
mented by an MC 68837 chip, and an FDDI clock 
generator timing and data recovery unit 152 imple- 
mented by an MC 68836 chip, which together form 

45 an interface chip set. 

The fiber optic cable 154 is connected with unit 
152 using conventional interconnection hardware 
such as driver 156 and LED 158, and a pin diode 
160 and amplifier 162. 

so Video digitize and compress circuit 30b in- 
cludes an LSI processing chip set 160 which in- 
cludes interframe processor 162 implemented by 
an L64760, a forward and inverse discrete cosine 
transform processor 164 implemented by LSI 

55 64730, the quantizer processor 166 implemented 
by an L64740, a variable length coder 168 imple- 
mented by an L64750, and a motion estimator 
processor 170 implemented by an L64720. Chip 
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set 160 operates in accordance with protocol 
CCITT H.261 "Standard", which compresses the 
video data for lower bandwidth transmission utiliz- 
ing two-port frame buffer 172 and two-port frame 
buffer 174. Memory control and timing 176 is com- 
patible with the chip set 160 requirement and the 
video rate. Input from TV camera 30a to frame 
buffer 172 is through a chroma separation circuit 
17^ and an analog to digital converter 180. Byte to 
vybrd Converter 182 converts the output from chip 
set ^160 from byte to word format compatible with 
.metnory 134 on line 184. Line 184 also provides a 
quantizer level to quantizer processor 166 in accor- 
dance with the algorithm informing it of the utiliza- 
tion of the bandwidth capacity so that chip 160 can 
operate at a higher or lower data rate in order to 
fully utilize memory 134. 

The bedside monitor includes a modular, iso- 
lated, physiological-data front-end which may be as 
described in U.S. Patent No. 4,409,669. 

Bedside station 12 generally includes a patient 
image acquisition and an image compression sys- 
tem. A television camera, such as the Panasonic 
WV-CL700 intended for CCTV usage, may be used 
for image acquisition or an alternative camera may 
be used. 

The camera may output an analog signal to the 
system (i.e., NTSC composite, S video Y,C signals 
(as the WC-CL700 or RGB), in which case adapter 
circuitry is required to produce a digital version of 
the luminance and the two chroma color-difference 
signals needed for the compression engine. Al- 
ternately, a camera having direct digital outputs 
may be used. 

S video cameras such as the WV-CL700 utilize 
digital processing internally so they could easily be 
modified to have a direct digital output. A compres- 
sion engine using an LSI Logic chip set, which is 
compatible with the CCITT-teleconferencing stan- 
dard "H.261", is illustrated. The image compres- 
sion operation considerably reduces the amount of 
data that must be transmitted to obtain a high- 
quality moving image. 

The system illustrated also includes a minimal 
bedside display intended to display derived patient 
numerical parameters (i.e., heart rate, blood pres- 
sure, temperature, etc.) and low-resolution 
waveforms. A dot-matrix, liquid crystal display sys- 
tem is illustrated., but a high-resolution display or 
even a color display could be used. 

The system also includes a two-way 
"ADPCM", compressed audio system, and an 
FDDI interface. The bedside station has been con- 
figured as a "single attachment" FDDI station 
which attaches to the network via a "concentrator". 
Also, note that the consultive station was also con- 
figured as a "single attachment" FDDI station, 
which attaches to the network via a concentrator. 


The system can be provided with additional 
services by a local service station 400, Fig. 8, 
which for example can serve to provide the archival 
or historical records of a patient. A local service 

6 station would be constructed in the same way as 
the other stations with a network interface 52d and 
microprocessor control 60d and all of the other 
necessary controls as described in Figs. 1-7, all 
associated with the archival storage medium 402. 

70 Local station 400 is accessible to any station on 
the network, including the central station, the con- 
sultive station, and even the bedside stations. A 
variety of displays may be provided on the moni- 
tors of the various stations. The central station may 

75 have a display 410. Hg. 9, which includes four 
quarter images 412, 414, 416, and 418, of four 
different patients monitored by four different bed- 
side stations. Each image includes an image of the 
patient as well as the patient name, his most im- 

20 portant curves and data. If the nurse or doctor at 
the central station wished for more information 
about a specific patient, then the display 420, Fig. 
10, might be used, where the quarter image 412 of 
the patient is retained but additional information in 

25 the curve area and the alphanumeric data is pro- 
vided. At a consultive station where a full and 
larger view of the patient himself may be desirable 
during a remote examination, the full screen can be 
occupied with the image with a small amount of 

30 alphanumeric data and one or two curves. The 
consultive station could as well receive an image 
such as 420, Fig. 10, when desired. Other images 
available include simply curve and alphanumeric 
data for only one or a number of patients, or curve 

as and alphanumeric data on a single patient Various 
combinations of these may be used by different 
stations at different times as appropriate. Typically 
the central station is the only station that is pro- 
vided with multiple images such as shown in Fig. 9. 

40 In alarm conditions, such as where heart rate goes 
outside of limits, the system may automatically 
sound audio alarms, flash visual alarms, and may 
also automatically switch the central station screen 
so that it contains a full screen concerning only that 

45 patient causing the alarm condition. 

Central station 34 may be interconnected with 
one or more consultive stations 36 and local ser- 
vice stations 400 over a dual-loop FDDI network 
450, Fig. 11. Central station 34 typically has a 

so plurality of bedside stations 12 interconnected 
through a single loop and may also have one or 
more additional central stations 34a in addition to 
or in place of the bedside stations 12. Network 450 
may have additional central stations 34b and may 

55 also interconnect directly with bedside stations 12 
which have been provided with dual-loop capacity. 
Also included on network 450 may be a plurality of 
cellular communication nodes 452 which may be 
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connected directly to network 450 or may be con- 
nected to other devices which in turn connect to 
network 450. For example, cellular node 454 inter- 
connects through central station 34 to network 450. 

By providing a patient with a patient telemetry 
unit 456, the cellular nodes 452 can be used to 
locate a patient as present in at least the area of 
the controlling node and the patient within that area 
. can have his telemetry unit 456 interrogated to 
^ transfer vital body signs to the various stations. 
? Each node typically includes network interface 458, 
12, for interfacing with network 450, a micro- 
processor and timer 460, transmitter and receiver 
462, similar to those used in the other stations, and 
a signal strength measurement circuit 464 for de- 
termining whether or not the patient telemetry unit 
456 is within the field served by this particular 
cellular node. Patient telemetry unit 456 is operated 
by a battery pack 466 and includes a transmitter- 
receiver 468, microprocessor 470, memory 472, 
and a sensor front end 474, plus a sensor 476. 

Mobile patient data acquisition is accomplished 
by first broadcasting to all cellular nodes the ID of 
a patient to be monitored in step 480, Fig. 13. The 
station then selects the strongest reply, step 482, 
and switches the selected node to a maintenance 
mode in step 484 to monitor that patient. On de- 
mand or cyclically the data can be transferred from 
that patient in step 486 via the patient telemetry 
unit 456. The data transfer occurs through the 
patient telemetry unit 456 to the supervisory one of 
nodes 452. and then through the network 450 to 
whichever station is calling for it. If the patient is 
out of range, the signal is sent back and step 480 
is inaugurated again. 

Although specific features of the invention are 
shown in some drawings and not others, this is for 
convenience only as each feature may be com- 
bined with any or all of the other features in accor- 
dance with the invention. 

Other embodiments will occur to those skilled 
in the art and are within the following claims: 

Claims 

1. A patient monitoring system with integrated 
physiological and video communication com- 
prising: 

a first bedside station and a second, re- 
mote station; 

said first bedside station including: 

means for sensing physiological data from 
the patient; 

means for generating a video image of the 
patient; and 

means, responsive to said means for sens- 
ing physiological data and said means for gen- 
erating a video image, for combining together 


and communicating the video image and phys- 
iological data; 

said second, central station including 
means for receiving and displaying together 
5 said combined video image and physiological 

data. 

2. The patient monitoring system of claim 1. in 
which said stations further include a two-way 
70 audio system for interactive audio communica- 

tion with the patient or a patient attendant 
contemporary with the transmission of the 
physiological data and video image. 

75 3. The patient monitoring system of claim 1 in 
which said means for combining and commu- 
nicating includes a fiber optic communications 
system. 

20 4. The patient monitoring system of claim 3 in 
which aid fiber optic communications system 
includes a fiber optic communications network. 

5. The patient monitoring system of claim 3 in 
25 which said means for combining and commu- 
nicating includes a microprocessor controller 
for said fiber optic communications systems. 

6. The patient monitoring system of claim 1 in 
30 which said means for receiving and displaying 

includes a display device. 

7. The patient monitoring system of claim 6 in 
which said means for receiving and displaying 

35 includes a video image display control. 

8. The patient monitoring system of claim 7 in 
which said means for receiving and displaying 
includes a numerics/text/graphics control. 

40 

9. The patient monitoring system of claim 8 in 
which said means for receiving and displaying 
includes a waveform display control. 

45 10. The patient monitoring system of claim 9 in 
which said means for receiving and displaying 
includes an anti-alias curve generation circuit. 

11. The patient monitoring system of claim 1 in 
so which said means for receiving and displaying 

includes an alarm device for indicating that a 
predetermined limit has been reached. 

12. The patient monitoring system of claim 1 in 
55 which said first station includes means for dis- 
playing together said combined image and 
physiological data. 
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13. The patient monitoring system of claim 12 in 
which said means for displaying together in- 
cludes a display device. 

14. The patient monitoring system of claim 13 in 5 
which said means for displaying together in- 
cludes an image display control. 

15/ The patient monitoring system of claim 14 in 
j v whfch said means for displaying together in- io 
.* ^cJudes a numeric/text/graphics control. 

16^ The patient monitoring system of claim 15 in 
which said means for displaying together in- 
cludes a waveform display control. 75 

17. The patient monitoring system of claim 16 in 
which said means for displaying together in- 
cludes an anti-alias circuit. 

20 

18. A patient monitoring system comprising: 

a first bedside station including means for 
sensing physiological data from the patient; 

a second, remote central station including 
means for displaying said physiological data; 25 
and 

fiber optic network means for communicat- 
ing said physiological data between said sta- 
tions. 

30 

19. A patient monitoring system with integrated 
physiological and video communication com- 
prising: 

at least a first bedside station and a sec- 
ond, remote central station; 35 

said first bedside station including: 

means for sensing physiological data from 
the patient; 

means for generating a video image of the 
patient; and 40 

means, responsive to said means for sens- 
ing physiological data and said means for gen- 
erating a video image, for combining together 
and communicating the video image and phys- 
iological data; 45 

said second, central station including first 
means for receiving and displaying together 
said combined video image and physiological 
data from each of said first stations; 

a third, consultive station, responsive to at 50 
least said first bedside station and including 
second means for receiving and displaying to- 
gether said combined video image and phys- 
iological data from each of said first stations; 
and 55 

an audio system for interactive audio com- 
munication between said stations contempora- 
neously with transmission of the physiological 


data and video image. 

20. A patient monitoring system with integrated 
physiological and video communication com- 
prising: 

at least a first bedside station and a sec- 
ond, consultive station; 

said first bedside station including: 

means for sensing physiological data from 
the patient; 

means for generating a video image of the 
patient; and 

means, responsive to said means for sens- 
ing physiological data and said means for gen- 
erating a video image, for combining together 
and communicating the video image and phys- 
iological data; 

said second, consultive station, responsive 
to at least said first bedside station and includ- 
ing means for receiving and displaying togeth- 
er said combined video image and physiologi- 
cal data from each of said first stations. 

21. The patient monitoring system of claim 20 
further including an audio system for inter- 
active audio communication between said sta- 
tions contemporaneously with transmission of 
the physiological data and video image. 

22. A patient monitoring system with integrated 
physiological and video communication includ- 
ing at least a bedside station, a centraJ station 
and a consultive station, comprising: 

a local service station including an archival 
storage and retrieval medium and 

means, responsive to one of said other 
stations, for retrieving from said archival me- 
dium historical patient data and transmitting it 
to and displaying it at said other station. 

23. The patient monitoring system of claim 22 in 
which said means for retrieving and transmit- 
ting includes a fiber optic communication sys- 
tem. 

24. An ambulatory patient monitoring system com- 
prising: 

a communication system including a tran- 
sceiver unit associated with each patient and 
including means for sensing physiological data 
from the patient; a plurality of monitoring and 
location nodes including means for broadcast- 
ing through each node an identification of a 
patient to be monitored; means for interrogat- 
ing said patient's transceiver circuit through at 
least one of said nodes for acquiring the 
sensed physiological data; 

a central station for receiving and display- 
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ing the physiological data from said commu- 
nication system; and 

a communication network for interconnec- 
ting said central station and said communica- 
tion system. 5 

25. The patient monitoring system of claim 24 in 
which said communication system includes 
means for reactuating said means for broad- 
casting when said patient is out of range of at io 

» least one of said nodes. 

/ 

26. The patient monitoring system of claim 24 in 
which said communication network is a fiber 
optic communication network. 75 

27. The patient monitoring system of claim 24 in 
which said communication system includes an 
r.f. communication system. 
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